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Abstract – We realized and experimentally tested a conceptually new kind of electrically thin
absorbers of electromagnetic waves. The idea is to utilize a single layer of precisely designed
meta-atoms. This allows one to design an absorber with unprecedentedly small thickness. The
absorber implies absence of a ground plane. High efficiency of the realized structure in the S
band is demonstrated. The conceptual idea of the proposed absorber can find many applications
especially at optical frequencies.
I. INTRODUCTION
Recently, a significant amount of works has been devoted to electrically thin totally absorbing layers. There has
been proposed a variety of different topologies of absorbers. However, electrically thin absorbers mostly imply
the use of a ground plane [1] limiting electromagnetic response of the structure from the opposite side. Such
two-layer structures possess asymmetrical properties and do not absorb radiation from the opposite side. Also,
the metal-backed absorbers forbid transmission at all frequencies being inconvenient for some applications. At
infrared and optical frequencies, it is practically impossible to realize a perfect ground plane except the case of
electrically thick layers of photonic crystals. Hence, the idea to design an electrically thin single-layer absorber
without ground plane has been attracting a big interest of engineers.
In order to achieve total absorption, one needs to provide equally significant electric and magnetic responses of
the structure (for matching wave impedance of the absorber to that of vacuum) and certain amount of dissipative
loss (to provide full absorption of incident waves). At microwave and higher frequencies permeability of known
bulk materials is equal to unit and necessary magnetic response can be accomplished only through the use of
artificial metamaterials.
We realize a conceptually new kind of a perfect absorber for normally incident electromagnetic waves. It con-
sists of only a single array of meta-atoms (small dipolar inclusions). It allows us to design an absorber with
extremely small thickness but still which provides necessary magnetic response. The design does not imply pres-
ence of a ground plane. Therefore, the two sides of the absorber are operating. The induced electric and magnetic
dipole moments in the inclusions under illumination do not scatter in backward direction but in forward direc-
tion they radiate secondary plane waves destructively interfering with incident ones (providing zero transmission)
[2]. The equal electric and magnetic properties are achieved due to optimal shape of the inclusions and their cer-
tain arrangement in the array [3]. The realized absorber demonstrates highly efficient performance and operates
symmetrically for incident waves from the two sides. Although here we realize the concept of an optically thin
meta-atom absorber only in the microwave frequency range, it can be applied to the higher frequencies with the
use of different certain inclusions.
II. PERFECT ABSORPTION IN AN ARRAY OF META-ATOMS
Meta-atoms are electromagnetic particles of a sub-wavelength size. A regular planar array of the meta-atoms
forms an artificial single-layer metamaterial, so-called metasurface. Incident waves induce oscillating electric p
and magnetic m dipoles in the inclusions of a metasurface. In [2] it was shown that symmetrical perfect absorption
operation can be accomplished only in a metasurface which has equally significant co-polarized electric and mag-
netic responses but possesses no electromagnetic coupling. Therefore, the induced moments in such a metasurface
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are orthogonal: the electric and magnetic dipole moments are directed along the incident electric and magnetic
fields, respectively.
The oscillating moments radiate secondary waves in backward
Eb =
−jω
2S
(η0p−m) (1)
and forward directions
Ef =
−jω
2S
(η0p+m) , (2)
where S = a2 is the unit-cell area, jωp/S and jωm/S are the surface-averaged electric and magnetic currents,
respectively; η0 =
√
µ0/ǫ0 is the free space wave impedance.
Choosing the dipole moments in such a way that the forward radiated secondary wave interfere destructively
with the incident one and the backward radiation is absent,
p =
−jS
ωη0
Einc, m = η0p (3)
one can achieve total absorption in the meta-atom array. Here, Einc is the incident electric field.
Thus, realization of a single-layer meta-atom absorber requires engineering of certain electrically and magneti-
cally polarizable inclusions providing necessary induced dipole moments (3).
III. REALIZATION OF A SINGLE-LAYER META-ATOM ABSORBER
As it was discussed in the previous section, the designed absorbing metasurface must consist of polarizable
inclusions with equal electric and magnetic properties. The evident choice is to construct the metasurface from
inclusions of two kinds: electric straight wires and magnetic split-ring-resonators. But such a choice is difficult
to realize since the inclusions of the different kinds resonate at different frequencies and the inevitable double-
resonance performance will destructively affect the absorption level of the structure. Another disadvantage is
a thickness which in this case is compared to the wavelength. To avoid these difficulties, we realize a single-
layer absorbing metasurface with the use of paired smooth helical inclusions (see Fig. 1a) with compensated chiral
electromagnetic coupling (it is one of the conditions for total absorption in the metasurface). The helical inclusions
(a) (b)
Fig. 1: (a) A single-layer absorber made of planar array of helical inclusions. Right- and left-handed helices are
marked in blue and red, respectively. (b) Experimental sample consisted of paired helical meta-atoms embedded
in a plastic foam substrate.
are simultaneously electrically and magnetically polarizable and resonate at the same frequency. An electrically
small size (λ/7) and simple for fabrication shape make them preferable for the use as meta-atoms in the absorber.
Compensation of chirality in the metasurface is achieved utilizing right- and left-handed helical inclusions (shown
in Fig. 1a in blue and red, respectively). The certain arrangement of the helices in the array was considered in [3].
Equal electric and magnetic responses can be accomplished in the helical inclusions with equal electric and
magnetic polarizabilities. Such balanced electromagnetic properties are achieved in a helical inclusion with the
following dimensions [4]: the total length of the wire is 46.7 mm, the radius of the helix is 7.2 mm, the height is
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11.3 mm, the diameter of the wire is 0.5 mm, the pitch angle of the helix is 14◦. The material of the inclusions
is nichrome Ch15Ni60 with the conductivity 106 S/m. The helical inclusions are embedded in a plastic foam
substrate with ǫ = 1.03 and thickness 14.4 mm. The arrangement of the helices is illustrated in Fig. 1a. Each
unit cell consists of four helices of specific handedness located at a distance 19.8 mm from the center of the cell.
“Right-” and “left-handed” unit cells are alternated in the plane of the metasurface with the period 105 mm.
The experimental sample (see Fig. 1b) of 5λ× 6λ size consists of 480 helices. The measurements were carried
out in free space in a chamber with two horn antennas (S band). The sample was illuminated by a normally incident
linearly polarized plane wave. Since the metasurface has uniaxial symmetry in the plane, it operates for arbitrary
polarized plane waves. Fig. 2 shows reflection and transmission coefficients for measured and simulated (full-wave
simulator ANSYS HFSS) results.
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Fig. 2: Normalized intensity of the reflected and transmitted waves from the absorber (normal incidence).
One can see that at the resonance frequency the designed metasurface absorbs 94% of the impinging power.
The absorber symmetrically operates from the two sides. Indeed, further increase of the absorption level can be
accomplished with thorough optimization of the inclusions.
IV. CONCLUSION
We realized a new kind of electrically thin absorbers of electromagnetic waves. The absorber operates with 94%
efficiency at around 3 GHz. The simulated and experimental results are in a good agreement. At the next step, the
idea of a single-layer meta-atom absorber can be extended to higher frequencies opening up a possibility to create
film absorbers with thickness of one molecular layer.
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